Introduction
============

Interleukin (IL)-6 is involved in a number of diseases, such as atherosclerosis ([@b1-mmr-14-03-1979],[@b2-mmr-14-03-1979]) and rheumatoid arthritis ([@b3-mmr-14-03-1979]). Thus, there are potential clinical benefits to the development of anti-IL-6 agents as therapies for these diseases ([@b4-mmr-14-03-1979],[@b5-mmr-14-03-1979]). The first example is tocilizumab, which has been approved for the treatment of rheumatoid arthritis ([@b6-mmr-14-03-1979]) and others are currently in clinical trials ([@b7-mmr-14-03-1979]).

Endothelial lipase (EL), a member of the lipase family, is a key enzyme with phospholipase activity that promotes the metabolism and clearance of high-density lipoprotein (HDL) ([@b8-mmr-14-03-1979],[@b9-mmr-14-03-1979]). HDL cholesterol levels are inversely associated with the risk of atherosclerotic cardiovascular disease ([@b10-mmr-14-03-1979]). Alternative functions of EL include increasing the uptake of apolipoprotein B by endothelial cells and the adhesion of monocytes and macrophages to endothelial cells ([@b11-mmr-14-03-1979]). An animal study demonstrated that the atherosclerotic plaque area in apoE knockout mice that overexpress EL is \<70% the area of control mice ([@b8-mmr-14-03-1979]). Consequently, EL expression is closely associated with the pathogenesis of atherosclerosis. EL expression is affected by a number factors, such as inflammation, blood pressure and an increased rate of blood flow ([@b12-mmr-14-03-1979]--[@b14-mmr-14-03-1979]). However, the mechanisms that underlie the regulation of EL expression have not been fully elucidated.

The p38 mitogen-activated protein kinase (MAPK) is a member of the MAPK family and is involved in multiple intracellular signal transduction ([@b15-mmr-14-03-1979]). p65 nuclear factor (NF)-κB is a member of the NF-κB transcription factor family and is crucial in inflammatory diseases, such as atherosclerosis ([@b16-mmr-14-03-1979]).

The aim of the present study was to stimulate human umbilical vein endothelial cell (HUVEC) culture *in vitro* with recombinant human interleukin-6 (rhIL-6), to examine its effect on EL expression and its effects on the proliferation of HUVECs. To investigate the regulatory role of p38 MAPK and p65 NF-κB in this process, HUVECs were pretreated with a p38 MAPK inhibitor (SB203580) or an NF-κB inhibitor (pyrrolidine dithiocarbamate, PDTC) prior to rhIL-6 treatment.

Materials and methods
=====================

Reagents
--------

SB203580, protease inhibitor cocktail and epithelial cell growth factor (EGF) were purchased from Sigma-Aldrich (St. Louis, MO, USA); rhIL-6 was obtained from Peprotech (Rocky Hill, NJ, USA). Trypsin and M199 medium were purchased from Hyclone (Logan, UT, USA). Rabbit polyclonal anti-EL primary antibody was purchased from Cayman Chemicals (Ann Arbor, MI, USA; cat. no. 100030). Mouse anti-Von Willebrand Factor (vWF, also known as Factor VIII related antigen; cat. no. ab194405) was purchased from Abcam (Cambridge, MA, USA). The mouse and rabbit IgG-immunohistochemical SABC kit, DAB (diaminobenzidine) kit and the MTT assay kit were purchased from Beyotime Institute of Biotechnology (Beijing, China). Fluorescein isothiocyanate (FITC)- and tetramethylrhodamine (TRITC)-conjugated anti-mouse IgG (cat. nos. ZF-0312 and ZF-0313, respectively) were obtained from Zhongshanjinqiao Biotechnology (Beijing, China); mouse anti-proliferating cell nuclear antigen (PCNA) antibody (cat. no. BM0104) was purchased from Boster Biological Technology, Ltd. (Wuhan, China), and monoclonal anti-β-actin mouse primary antibody (cat. no. AA128-1) was from Beyotime Institute of Biotechnology. Radioimmunoprecipitation assay (RIPA) lysis buffer and the Bicinchoninic acid (BCA) Protein Assay kit were purchased from Beyotime Institute of Biotechnology. Fetal bovine serum (FBS) was obtained from Yuanpeng Biotech Co. (Jinan, China). Penicillin was from North China Pharmaceutical Co. (Shijiazhuang, China). Streptomycin was obtained from Merro Pharmaceutical Co. (Dalian, China). Polyvinylidene fluoride (PVDF) membranes were from Millipore (Millipore Corporation, Bedford, MA, USA). An electrochemiluminescence kit was purchased from Amersham (GE Healthcare, Barrington, IL, USA).

Ethical approval
----------------

This study was approved by the Ethical Committee at the School of Medicine, Shandong University (Jinan, China; permit number: 200800243). Written informed consent for the donation of the umbilical cords used in this study was obtained from the parents of the newborn.

Cell culture
------------

Human umbilical vein endothelial cells were obtained from one fresh umbilical cord \~15-cm long from a newborn infant after maternal cesarean section in the Department of Obstetrics and Gynecology of Qilu Hospital (Jinan, China). Briefly, the umbilical vein was washed with sterile phosphate-buffered saline (PBS) for 5 min. Trypsin-ethylenediaminetetraacetic acid (0.25%; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) was injected through the umbilical vein and digested for 10--15 min at room temperature with gentle shaking so that the enzyme solution was in full contact with the vascular wall. The solution was then collected in a 50-ml sterile tube and centrifuged at 100 x g for 10 min. The supernatant was removed and 20% FBS cell culture media were added (Hyclone, 20% FBS, 100 U/ml penicillin, 100 U/ml streptomycin and 3 *µ*l/ml EGF) to obtain the cell suspension. The cell suspension was transferred to a 6-well culture plate and incubated in an incubator with saturated humidity and 5% CO~2~ at 37°C. The media were changed every 2--3 days. Cells were passaged after they reached 80--90% confluency. The passaged cells were continuously incubated in 10% FBS culture media. The purity of HUVECs was determined by immunofluorescence staining of vWF when cells had reached \>90% confluence.

Cell treatments
---------------

Cells were treated after the third passage and divided into 4 groups treated as follows: i) Control group without any treatment; ii) rhIL-6 (10 ng/ml); iii) SB203580 (10 *µ*mol/l) pretreatment for 1 h+rhIL-6 (10 ng/ml); and iv) PDTC (10 mmol/l) pretreatment for 1 h+rhIL-6 (10 ng/ml) purchased from Beyotime Institute of Biotechnology. Cells from each group (\~2×10^7^) were collected at 0, 4, 8, 12 and 24 h respectively. Before being passaged and treated, coverslips were placed in the culture plates for later use.

Immunocytochemical staining
---------------------------

The coverslips coated with cells were removed and washed in sterile PBS. The cells were fixed in methanol: acetic acid (3:1) for 10 min and washed in PBS. Then, the cells were immunoblocked with 10% normal goat serum in 0.01 M PBS containing 0.3% Triton X-100 at room temperature for 1 h. Primary antibodies against EL (1:100), vWF (1:100) and PCNA (1:100) were then added and incubated in a humidified box at 4°C overnight. Biotin-conjugated anti-rabbit IgG (for EL; cat. no. A0277; Beyotime Institute of Biotechnology) or FITC- (for vWF cat. no. ZF-0312) and TRITC- (for PCNA; cat. no. ZF-0313) conjugated anti-mouse IgG were added (for PCNA and vWF) and incubated at 37°C for 1 h. Then SABC complex was added and incubated at 37°C for 1 h according to the manufacturer\'s instructions of the SABC kit and DAB color was developed. Between each step, cells were washed twice in PBS. Negative control staining was performed with nonspecific IgG instead of the primary antibody. Cells were counterstained with hematoxylin and finally sealed with Neutral balsam. For vWF and PCNA, after IgG incubation, they were counterstained with DAPI and sealed with anti-fade (Beyotime Institute of Biotechnology). All coverslips were examined under an Olympus U-LH100HG microscope (Olympus Corporation, Tokyo, Japan).

Western blotting
----------------

EL protein levels in HUVECs were detected by western blotting. HUVECs in each group were harvested separately, washed in cold PBS, and homogenized at 4°C in lysis buffer containing 10 mM HEPES, pH 7.9; 10 mM KCl, 1.5 mM MgCl~2~, 0.1 mM EGTA, 0.5 mM DTT, 10 mM α-glycerophosphate, 0.1 mM sodium vanadate and a protease inhibitor cocktail. After 15 min of incubation on ice, cell debris was removed by centrifugation at 15,000 x g for 20 min at 4°C. Protein concentration was determined by the BCA assay with bovine serum albumin (Boster Biological Technology, Ltd.) as a standard. Proteins (40 *µ*g) were separated on a 10% sodium dodecyl sulfate-polyacrylamide gel, and then transferred to a polyvinylidene difluoride membrane. After blocking with 5% (w/v) fat-free milk for 1 h at room temperature, the membranes were probed with anti-EL (1:1,500) overnight at 4°C, followed by incubation with peroxidase-conjugated anti-rabbit IgG (1:500) for 1 h at room temperature. The interaction was monitored with an electrochemiluminescence kit. β-Actin was used to monitor the loading amount.

Statistical analysis
--------------------

Densitometric evaluation of western blotting results were conducted using the Quantity One software, version 4.62 (Bio-Rad Laboratories, Inc., Hercules, CA, USA) with β-actin as an internal control. Immunocytochemical staining results were analyzed with Image-Pro Plus 5.0 (Media Cybernetics, Inc., Rockville, MD, USA). Data are presented as the mean ± standard deviation of three separate experiments. Comparisons among groups were conducted using one-way analysis of variance (ANOVA). If the result of ANOVA was statistically significant, then multiple comparison tests between groups were performed using the Student-Newman-Keuls method. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

Isolation and identification of HUVECs
--------------------------------------

vWF is expressed in HUVECs, this the immunofluorescence staining of vWF was performed to identify HUVECs. The results showed that almost all cells were vWF positive ([Fig. 1](#f1-mmr-14-03-1979){ref-type="fig"}).

rhIL-6 treatment increases the EL expression in HUVECs
------------------------------------------------------

After HUVECs were treated with rhIL-6, EL expression levels increased significantly from 4 h. The effect persisted at significant levels until 12 h after treatment, and EL expression decreased to basal levels by 24 h. The effect was most significant at 8 h after rhIL-6 treatment. After that time, the EL expression level began to decrease up to 24 h after treatment, when the EL expression level returned to the basal level. The immunocytochemical staining results are consistent with that of western blotting ([Fig. 2](#f2-mmr-14-03-1979){ref-type="fig"}).

rhIL-6 treatment promotes proliferation of HUVECs
-------------------------------------------------

In order to detect the effects of increased EL on HUVECs, immunocytostaining of PCNA and an MTT assay were performed to detect the proliferative activity of HUVECs at 0, 4, 8, 12 and 24 h. The results showed that increased EL promoted HUVEC proliferation ([Fig. 3](#f3-mmr-14-03-1979){ref-type="fig"}). Similar to the change in the expression levels of EL, the ratio of PCNA-positive cells was highest at 8 h after rhIL-6 treatment, after which the ratio reduced. At 24 h after rhIL-6 treatment, the ratio of PCNA-positive cells ratio remained higher than the original level.

rhIL-6 treatment increases p38 MAPK and p65 NF-κB expression in HUVECs
----------------------------------------------------------------------

To determine whether IL-6 regulates EL expression through MAPK or NF-κB signaling pathway, p38 MAPK and p65 NF-κB protein levels at 4, 8 and 12 h were detected by western blotting. The results showed that p38 MAPK or p65 expression changes were consistent with that of EL. That is, after HUVECs were incubated with rhIL-6, p38 MAPK and p65 NF-κB expression levels increased significantly at 4, 8 and 12 h ([Fig. 4](#f4-mmr-14-03-1979){ref-type="fig"}).

p38 MAPK inhibitor SB203580 or p65 NF-κB inhibitor PDTC pretreatment decreases EL expression in HUVECs
------------------------------------------------------------------------------------------------------

To confirm that IL-6 regulates the EL level via the MAPK p38 and P65 NF-kB signaling pathway, HUVECs were pretreated with the p38 MAPK inhibitor SB203580 or P65 NF-kB inhibitor PDTC for 1 h prior to rhIL-6 treatment. The results showed that EL expression in the rhIL-6+SB203580 and rhIL-6+PDTC groups was significantly decreased at each time point between 4 and 12 h compared with the IL-6 group (P\<0.05; [Fig. 5](#f5-mmr-14-03-1979){ref-type="fig"}).

Discussion
==========

EL was identified in 1999 as part of the triglyceride lipase family of genes ([@b8-mmr-14-03-1979]). Structurally, EL has 45, 40 and 27% homology with lipoprotein lipase, hepatic lipase and pancreatic lipase, respectively. EL is a critical enzyme in high density lipoprotein (HDL) metabolism by hydrolyzing the phospholipid component ([@b9-mmr-14-03-1979]). The plasma HDL concentration rises significantly in EL gene knockout mice and the overexpression of EL reduces the HDL level markedly while HDL is an independent risk factor for atherosclerosis ([@b8-mmr-14-03-1979]).

EL also has non-enzymatic activities, including mediating the uptake of apolipoprotein B and the adhesion of monocytes or macrophages to the endothelia, which indicates that EL participates in the pathogenesis of atherosclerosis ([@b11-mmr-14-03-1979],[@b16-mmr-14-03-1979],[@b17-mmr-14-03-1979]). Recently, accumulating clinical evidence demonstrated that EL is closely associated with coronary atherosclerosis. Badellino *et al* ([@b18-mmr-14-03-1979]) demonstrated that serum EL concentration in patients with metabolic syndrome was significantly higher than that in the normal population, and this was positively correlated with the development of coronary atherosclerosis. Furthermore, polymorphisms of the gene encoding EL may be associated with the progression of acute coronary syndrome ([@b18-mmr-14-03-1979]--[@b20-mmr-14-03-1979]). Fang *et al* ([@b21-mmr-14-03-1979]) found that EL expression increases in the endothelial cells of the vascular system in patients with coronary heart disease and this increase is correlated with the severity of the clinical syndrome and also increases the coronary risk scores.

Atherosclerosis is a chronic inflammatory disease, characterized by the interaction of inflammatory mediators and cytokines in vascular endothelia. In 2000, it was demonstrated that IL-1β and tumor necrosis factor-α (TNF-α) upregulates the mRNA expression of EL in HUVECs *in vitro* ([@b22-mmr-14-03-1979]). Jin *et al* ([@b23-mmr-14-03-1979]) confirmed that this was partially mediated through the NF-κB pathway. Badellino *et al* ([@b24-mmr-14-03-1979]) and Paradis *et al* ([@b25-mmr-14-03-1979]) found that IL-6, soluble tumor necrosis factor-R, soluble intracellular adhesion molecule and other cytokines are positively correlated with EL levels ([@b24-mmr-14-03-1979]). These data indicated that inflammation has a significant effect on the expression of EL. The present results also showed that rhIL-6 treatment increased EL expression between 4 and 12 h and peaked 8 h after treatment. This confirmed the time-dependent effects of IL-6 on EL expression in endothelial cells.

MAPK is an important intracellular signal transduction pathway. The MAPK signaling pathway can respond to various extracellular stimuli to mediate cell growth, differentiation and apoptosis, and is associated with endothelial dysfunction, inflammation, hypertension and vascular remodeling ([@b25-mmr-14-03-1979]--[@b28-mmr-14-03-1979]). The inhibition of p38 MAPK has been shown to be a clinical tool against inflammatory diseases, including chronic obstructive pulmonary disease ([@b29-mmr-14-03-1979]). The p38 MAPK expression level increases in atherosclerosis, which may constitute a causative mechanism ([@b15-mmr-14-03-1979],[@b29-mmr-14-03-1979]). This may be one of the mechanisms for inflammation-induced atherosclerosis. Paravicini *et al* ([@b29-mmr-14-03-1979]) found that the development of fibrosis can be inhibited by the inhibition of p38 MAPK by SB203580, which suggests that the signal is transmitted via the p38 MAPK pathway.

NF-κB is an important transcriptional regulatory factor, which responds to various cytokines. NF-κB is activated and enters the nucleus where it combines with specific DNA motifs and stimulates the expression of various genes. Chromatin immunoprecipitation and electrophoretic mobility shift assays have revealed that the EL gene has two NF-κB binding sites ([@b30-mmr-14-03-1979]). The activation of NF-κB has also been observed in human and experimental atherosclerosis ([@b31-mmr-14-03-1979],[@b32-mmr-14-03-1979]). Cao *et al* ([@b33-mmr-14-03-1979]) found that the progression of the instability of atherosclerotic plaques may be mediated by the NF-κB pathway.

In the current study, HUVECs were pretreated with a p38 MAPKs inhibitor (SB203580) or an NF-κB inhibitor (PDTC) prior to rhIL-6 treatment and the results showed that the pretreatment of HUVECs with either SB203580 or PDTC inhibited the IL-6-induced upregulation of EL expression. This therefore confirmed that IL-6 can regulate the expression of EL partly via the p38 MAPK and NF-κB signaling pathways.

In conclusion, the current study found that external addition of rhIL-6 upregulates the expression of EL in endothelial cells in a time-dependent manner and this upregulation can be partially inhibited by the p38 MAPK inhibitor (SB203580) or NF-κB inhibitor (PDTC). This *in vitro* study suggests that p38 MAPK and p65 NF-κB may participate in the process of IL-6-regulated expression of EL, and may be another mechanism by which IL-6 is involved in the pathogenesis of atherosclerosis. Although this study cannot be extrapolated for *in vivo* conditions, it provides evidence on a possible mechanism by which IL-6 affects EL expression in endothelial cells. Thus, this study may provide a theoretical and experimental basis for future preventative treatments that target these factors specifically.
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![Immunofluorescence staining of vWF was performed to identify human umbilical vein endothelial cells cultured *in vitro*. The panels show (A) immunostaining of vWF (green), (B) staining for nuclei with DAPI (blue) and (C) a merged image. Over 95% of the cells were vWF positive. Magnification, ×400. vWF, Von Willebrand factor.](MMR-14-03-1979-g00){#f1-mmr-14-03-1979}

![rhIL-6 treatment increased EL expression in HUVECs by immunocytochemical staining and western blotting. (A) Immunocytochemical staining of EL at 0, 4, 8, 12 and 24 h after rhIL-6 treatment and the negative control. Magnification, ×400. (B) EL expression by western blotting at 0, 4, 8, 12 and 24 h after rhIL-6 treatment. (C) Semi-quantitative analysis of the EL level of the western blotting results. ^▲^P\<0.05 compared with the 0, 8, 12 and 24 h groups; \*P\<0.05 compared with 0, 4, 12 and 24 h groups; ^◆^P\<0.05 compared with 0, 4, 8 and 24 h group. rhIL-6, recombinant human interleukin-6; EL, endothelial lipase; HUVECs, human umbilical vein endothelial cells.](MMR-14-03-1979-g01){#f2-mmr-14-03-1979}

![rhIL-6 treatment promoted the proliferation of HUVECs. rhIL-6 treatment was shown to promote HUVEC proliferation by immunofluorescence staining of PCNA and MTT assays. (A) Immunofluorescence staining of PCNA in HUVECs in each group. magnification, ×100. (B) Semi-quantitative analysis of the immunofluorescence staining of PCNA. (C) Statistical analysis of the MTT assays for each group. Different symbols indicate statistical significance (P\<0.05). ^▲^P\<0.05 compared with the 0, 2, 4, 12 and 24 h groups; ^\*^P\<0.05 compared with the 0, 4, 8 and 12 h groups; ^△^P\<0.05 compared with the 0, 2, 8 and 24 h groups. rhIL-6, recombinant human interleukin-6; EL, endothelial lipase; HUVECs, human umbilical vein endothelial cells; PCNA, proliferating cell nuclear antigen.](MMR-14-03-1979-g02){#f3-mmr-14-03-1979}

![rhIL-6 treatment increased MAPK p38 and NF-κB p65 expression in endothelial cells at 4, 8 and 12 h after treatment. (A) MAPK p38 and NF-κB p65 western blotting results at different time points. (B) Semi-quantitative analysis of MAPK p38 and NF-kB p65 levels. ^△^P\<0.05 compared with the 4 and 12 h group; ^\*^P\<0.05 compared with the 8 and 12 h groups; ^▲^P\<0.05 compared with the 4 and 8 h groups. rhIL-6, recombinant human interleukin-6; MAPK p38, p38 mitogen-activated protein kinases; NF-κB, nuclear factor-κB.](MMR-14-03-1979-g03){#f4-mmr-14-03-1979}

![EL expression of HUVECs decreased at 0, 4, 8, 12 and 24 h in the rhIL-6+SB203580 and rhIL-6+PDTC group compared with the rhIL-6 group. (A) EL expression as determined by western blotting at different time points. (B) Semi-quantitative analysis of the EL level of western blotting results at different time points. ^\*^P\<0.05 compared with the rhIL-6 group. EL, endothelial lipase; HUVECs, human umbilical vein endothelial cells; PDTC, pyrrolidine dithiocarbamate.](MMR-14-03-1979-g04){#f5-mmr-14-03-1979}
